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ABSTRACT: We investigate the composition dependence of the segmental dynamics of poly(methyl methacrylate)
[PMMA] in miscible binary blends with poly(ethylene oxide) [PEQ] using quasi-elastic neutron scattering [QENS]

in combination with deuterium labeling. Blends with 10, 20, and 30 wt % PEO are considered. Our main finding
is that in all cases the segmental mobility of PMMA is controlled simply by the distance above the glass transition
temperature. This holds for pure PMMA and all three blends and at all spatial scales overlibd4ange of
observation. The best fits to the chain connectivity model are obtained with a self-concentration of zero, indicating
that the local “effective” concentration defined over length scales comparable to our experiment is equal to the
bulk composition. This is again consistent with segmental dynamics that follow the bulk [mixture] composition.
Within the temperature range measured, the relaxation times are consistent with Arrhenius behavior: the resulting
activation energy is independent of composition and consistent with that obtained from dielectric spectroscopy
for the mergedy-process of pure PMMA.

Introduction [QENS] 32 Since the spatial scale in a QENS experiment can
Component dynamics in miscible blends are of both theoreti- be va_trled, Itis a useful technique to test physical models as a
function of spatial scale. For example, our recent study of PEO

cal and practical importance and have thus been the focus ofSe mental dvnamics found the chain connectivity theory ap-
many investigations. A variety of techniques probing a large -9 y . y yap
plicable only over a small range of spatial scales near the

range of time scales have been used to study bothuifand interchain packing peak in the static structure faétor
B-relaxationst19 It has been established that each component n thi pd 9p q . ENS i . .ﬁb ¢
in a binary blend retains some of its individual mobility, yet its n this stu 31 (\j/ve exten ?uél\?lnl\/clj,; Q bl ISVESt'I%aPISO
relaxations are broadened compared to those in pure state anH"Ie segmental dynamics o In blends with PEO to
shifted toward its blend partnér® A physically intuitive include _composition dependence. Composm_ons within the
explanation for these observations is the existence of a local composition range Wr(l)ere PEO does not crystallize are addressed
composition with a defining length scale small enough that it (up to 30 wt % PEC.)}' .We report cqmposmon as PEO weight
differs from the bulk compositioR56:2-23 Two theories have percentage unless indicated otherwise. Our previous study found
been proposed on the basis of this idea: chain conned&¥ityy2° that the dlffe_rence between segmental dy”?‘m'cs of pure PMMA
prop i/ and PMMA in a 20% PEO blend was attributed solely to the

and thermal concentration fluctuatiohs®-20-21.2628 They differ gt between tHe.s of the blend and the h |
in the origin of the biased local composition. In the concentration iierence between EQS_O € biend and the homopolymer.
The current study considers two additional miscible blend

fluctuation approach, local regions of many compositions appear o . .
spontaneously, while in the chain connectivity approach, a local compositions: 10 and 30% PEO As with the .20% blend in
composition, centered on an atom in A chain and defined over our prior study, PMMA mobility in all systems is controlled

a Kuhn length, is biased toward A due to the presence of otherby the difference between the measurement temperature and
atoms in the same A chain. the systentl.

The applicat_)ility of_the chain conr}ec_tivity idea has recently Experimental Sectior?*
been tested with a wide range of miscible blefrdé/hen the )
main variable in the theory, the self-concentration, is treated as SﬁmpI? Prepﬁ;al\%\)ﬂnATwoglendds of hydrc:jgen?ted rE)(:Iy(meth)él
a fitting parameter, it provides a reasonable description for both Methacrylate) [ ] and perdeuterated poly(ethylene oxide)

i inal and tal d i p ¢ Th | [d4PEO] were prepared: 10 and 30% PEO. Both polymers were
erminal and segmental dynamics of many Systems. 1he poly- purchased from Polymer Standards Service (Silver Spring, MD).

(methyl methacrylate) [PMMA] and poly(ethylene oxide) [PEO]  The hppmmA has a molecular weight of 3.55 10° g/mol with a

blend, the subject of a number of investigatihd} 121417.18.2930 1 qispersity index of 1.03; the;/EO has a molecular weight of

is an exception: good fits were not found for segmental (PEO) 4.60 x 10° g/mol and polydispersity 1.44. Both blends were

or terminal (PMMA) dynamics. Although terminal dynamics prepared by solvent-casting from chloroform. Cast samples were

of PMMA have been characterizéd,segmental dynamics of  dried at 340 K for a week in a vacuum oven to ensure the complete

PMMA have been addressed only recently: by dielectric removal of the solvent.

spectroscopy [D$#3! and quasi-elastic neutron scattering To test for possible crystallinity of the minority PEO component
and determine the glass transition temperatures of the blends,
differential scanning calorimetry [DSC] thermograms were obtained

T Current address: National Institute of Standards and Technology, Centerusing a TA-Q1000 DSC. It was calibrated to a heating rate of 10

for Neutron Research, Gaithersburg, MD 20899, and Department of ; ; ; ; P, :
Materials Science and Engineering, University of Maryland, College Park, K/min using melting points of indium and gallium. Samples were

MD 20742. hermetically sealed in 15 uL TA-1200 aluminum DSC pans. No
*To whom all correspondence should be addressed. E-mail: evidence of a melting transition was found in either sample. The
jmaranas@psu.edu. DSC scans were repeated following the neutron measurements with
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Table 1. Summary of Measurement Temperatures for All Samples W 17
- 3 O 20%T=440K
distance 0 5‘% ------- Resolution
0% PEO 10% PEO 20%PEO 30%PEO aboveTy S g ®
To(K) 397 372 345 326 ’%: d %
413 382 348 336  ~(Ty+ 10) =y | g )
424 407 372 361 ~(Ty+ 30) = P
387 Tg+ 42 :
447 405 381 ~(Tq+ 55) N
T(K) 465 Ty + 68 ) P
478 447 420 401 ~(Ty+ 75) D ol B3 P B0
503 477 440 431 ~(Ty+ 100) 0.01 i Y
520 Tg+ 123 -10 5 0 5 10
490 Tg+ 145 Energy, ho (LeV)
Table 2. Fraction of Incoherent Scattering from PMMA in All
Samples 3y 17 % o 10%T=447K
sample 0%PEO  10%PEO  20%PEO  30% PEO g go T Resolution
; ©
oPMMA stotal 0.93 0.913 0.906 0.876 iz’ )
inc _— o b
) é ©
- 0 S o1} s %
identical results. Both samples, as well as the 20% sample measured -1 a B
previously, show a single broai, indicating that no phase ; :
separation is present. However, as PEO composition increases, the &
breadth of the transition also increases: the size of this effect is ®
~3 degree with each successive blend. T§is of all four samples :

to be compared here, pure PMMA and its blends with 10, 20, and
30% PEO, are given in Table 1. As outlined in ref 32, an upper
temperature limit was set at 40 K below the temperature where
degradation was observed in either pure component.

Neutron Scattering Measurements.Our measurements were A:i Ir ﬁ 0 0%T=447K
performed on the NG2 high-flux backscattering spectrometer g S et Resolution
[HFBSJ*® at the National Institute of Standards and Technology, 1 Y
Center for Neutron Research in Gaithersburg, MD. In this instru- =3 S
ment, neutrons with a wavelength/f = 6.27 A [, = 2.08 meV) S o1t o @

. - - . . 5
are Doppler-shifted to provide a range of incident neutron energies. = o o
Those neutrons with a final enerd@y are detected by an array of & o
16 detectors with an angular range of 78 20 < 124.3. The ¢ ®
momentum transfers (midpoints) corresponding to these detectors 8 %
are 0.62, 0.75, 0.87, 0.99, 1.11, 1.22, 1.32, 1.42, 1.51, 1.60, and 0.01 M- R - )
1.68 A1 During the course of our experiments, the instrument 10 5 0 5 10
was operated at three dynamic rangds= +11, +£17, and+20
ueV, leading to energy resolutions (full width at half-maximum) Energy, Ao (LeV)

of 0.80, 0.85, and 0.8#eV, respectively. The samples were held Figure 1. Influence of PEO composition on the QENS spectra of
in a thin-walled aluminum can mounted on a closed-cycle refrigera- PMMA at a momentum transfer of 0.99"Aand at a temperature around
tor unit. The thickness of each sample was chosen to yield 90% 445 K. Data are shown for pure PMMA and blends with 10 and 20%
transmission and minimize multiple scattering. The raw data were PEO.

normalized to monitor. The absorption effects and detector ef- ) . . .
ficiency were corrected using DAVE [Data Analysis and Visualiza- Measurement is convoluted with the instrumental resolution. As

tion Environment], a software package developed at N¥ST. mentioned above, this probes the incoherent or self-motion of
In our measurements we use blends of APMMA witREIO to PMMA. This “measured” spectr&Q,w), is distinguished from
highlight the mobility of PMMA. This is possible since the the “true” spectraQ,w), which has the instrumental resolution
incoherent cross section of hydrogen (80:270-2* cn¥) is about removed. Figure 1 shows representatf(®,w) spectra as a
40 times larger than that of deuterium (2.251072 cn@). In our function of energy transferAE = fiw. The spectra are the
analysis, we presume that the majority of the scattering arises from g serposition of at least two contributions, a single tall and thin
the incoherent contribution of PMMA. To test this assertion, we . ccian peak, which reflects scattering from protons with

PMMA/ _total PMMA B : - A A |
calculateoy,; ™ /o'”'?, where Onc Is the incoherent scattering ity slower than the instrumental resolution, and a quasi-
cross section of PMMA, and”® = ojp. ™" + 0o + i + elastic broadening induced by the motion of the protons which

PEO ;
Ocon - The results, presented in Table 2, show that for all samples ,qve in the time scale of the HEBS. For comparison to the

the scattering is dominated by incoherent scattering from PMMA. instrumental resolution, the spectra have been normalized by

be compared at a series of fixed distances aboveTghef each “the height of the Gaussian pea#(Q,w)max The spectra are
sample. These temperatures are presented in Table 1. In additiorsOWn for a ”Elmber of samples at a constant momentum transfer
to comparisons at 10, 30, 55, 75, and 100 K abByewhere at  [Q = 0.99 A”Y] and a common temperature-§45 K]. As

least three of the four samples were measured, data are alsxpected, the quasi-elastic broadening increases significantly
available at two common temperatureg}00 and~445 K. These with increase of PEO content. In contrast, if the spectra are
temperatures are indicated by boldface type. Measurement tem-compared at temperatures that are the same distance above the

peratures for all samples are abolg Tg of each blend, as in Figure 2, little change with PEO content
is observed. This is consistent with our prior observations on
Results the 20% blen? and suggests that PMMA mobility in the 10

QENS measures the incoherent structure factor in the and 30% blends may also be described on the basis of the
frequency domainQ,w), where the tilde indicates that the distance from the blend,. We present the dependence of the
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Figure 2. Influence of PEO composition on the QENS spectra of
PMMA at a momentum transfer of 0.99-Aand about 100 K above
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Figure 3. Influence of spatial scale on the QENS spectra of PMMA
in the 30% PEO blend at 431 K.

as a fitting parameter. Before choosing a model appropriate to
translational motion, we first consider the possibility that rotation
of either theo- or ester methyl groups fall in the time scale of
HFBS. We first note that blending is unlikely to influence local
motions such as rotation and thus consider methyl group rotation
in pure PMMA. Rotation of the ester methyl has been
extensively studied using inelastic and quasi-elastic neutron
scattering?”4° At 400 K the rotational time is 2.6 pawell
before the minimum time of HFBS [242 p¥].We conclude
that rotation of the ester methyl has completely decayed prior
to HFBS time window at the temperatures of our measurements.
Rotation of then-methyl has received less attention. A rotational
time of ~280 ps has been reported for syndiotactic PMMA at
400 K If a-methyl rotation appears in the HFBS window,
we expect it to be most prominent at the largest momentum
transfers: for a three site rotation of a group with radius 1.1 A,
the EISF [elastic incoherent structure factor] has a minimum
close toQ = 2.5 A-142 A small value of the EISF allows for
larger decay due to rotation, and thus the largest contribution
to rotation occurs at the upper limit of our measuremeQts;

1.68 AL The EISF at this limit, again using a three-site
rotational model witlr = 1.1 A, is 0.37. Rotation will also be
more prominent at the lowest temperatures, where there is little
translational motion. To test for the contribution of rotation in
our data, we examine the decays for all samplegyat 10 K
(actual temperatures 336, 348, 382, and 413 K) @r 1.68
A-1in Figure 4. These data do not decay enough to be treated
with our fitting program, and thus relaxation times are not
reported in what follows. However, since translational movement
of thea-protons is expected to be minimal closeTpthe plots
should reveal the extent af-methyl rotation as a function of
temperature. At the temperatures and momentum transfers
illustrated here, where it is most promineatmethyl rotation
results in a decay 0f10%. For smaller momentum transfers
or higher temperatures the contribution from rotation will be
even smaller. We have not attempted to include a fit for
rotational decay in what follows but rather focus our attention
on the higher temperature range wheremethyl rotation is less

the glass transition temperature of each sample. Data are shown forprominent and translational motion is expected to be dominant.

pure PMMA and blends with 10, 20, and 30% PEO.

spectra on momentum transf@iin Figure 3 for the 30% blend.

As a model to characterize translational motion, we choose
the empirical KolrauschWilliams—Watts [KWW] expressiort?
This model, when used to analyze neutron data on pure PMMA,

The 10% blend behaves similarly and is not shown. As expectedprovides relaxation times and stretching parameters consistent
for translational motion, quasi-elastic broadening increases with with dielectric dat&2 Further, it describes the dielectric response

increase of momentum transfer.

Data Analysis

of both thea- and S-relaxations of pure PMMA over a wide
frequency rangé* Fitting to the KWW expression is more
easily done in the time domain, so the data are Fourier

To characterize the mobility reflected in these spectra and transformed in time. The “measured” dynamic structure factor
make numerical comparisons between samples, we require fitsin the energy domainSQ,w), is first converted to the
to an appropriate model that will yield average relaxation times “measured” intermediate scattering functi®iQ,t). The FT is
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Figure 4. Composition dependence of the intermediate scattering

function JQ,t)/SQ,0) of pure PMMA and PMMA in blends with 10,
20, and 30% PEO at the momentum transfer of 1.68dnd at 10 K ;
above the glass transition temperature of each sample. The error bararameter most affected by the narrow dynamic range of QENS
are obtained on the basis of maximum and minim8(®,t)/SQ,0).
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FT converts the convolution into a multiplication in the
time domain®?

5(0.0) = 5(0,®) ® R(Q, w)
{§ FT

5(0.5) = S(Q.HXR(Q.1)

(€]

3

The “true” intermediate scattering functi®Q,t) is thus easily
obtained by dividing by the Fourier transform of the measured
instrumental resolution.

The empirical KWW expressidh

SQY _ B t
5Qo) ~ @D exp{ [rKWW(Q,T)]

provides a description of the intermediate scattering function
SQ,t) normalized by the = 0 limit, S(Q,0). There are three fit
parameters, all of which depend on both momentum transfer
and temperature: the prefactér which characterizes the
contribution of the measured process to the total decay; the
characteristic relaxation timsww; and the stretching exponent
S which characterizes the distribution of relaxation times. The
KWW equation is often used to represent the decay functions
of polymers and polymer blends although other functions are
possiblet®

Because QENS data decay over a relatively narrow time
range, there are multiple sets of parameters that can provide a
good fit to the data. For this reason, we seek to identify the
range of each parameter that can reasonably describe the data,
for any values of the other parameters, as an error bar. Such a
procedure was outlined in ref 32. For each sample, the decays
at all temperatures and momentum transfers are fit collectively
using a series of constraints on the temperature and momentum
transfer dependence ofww. This eliminates combinations of
parameters that result in unphysical results; for example, an
increase of relaxation times with increasing temperature. In
addition, the fit procedure is repeated many times with the data
defining each decay curve randomly placed within the appropri-
ate error bars. This results in convergence to many different
fits. The parameter values reported here are those that provide
the best fit, and the error bars represent the maximum and
minimum parameter values over the entire set. The error bars
reported here should thus be regarded as the limits of parameter
values that can provide a reasonable fit to the decay curve,
regardless of the values of the remaining parameters. In our fit
procedure, an extensive number of parameter combinations that
can describe the data are revealed as a large error bar. The

ﬂ(Q,n} @)

is the stretching paramete?, For this reasong is compared

to values obtained from dielectric spectroscopy measurements

carried out by directly applying the discrete complex Fourier on hyre PMMA in Figure 8, which is described in the Discussion
integral to each set of data measured at constant temperaturgaction.

and momentum transfép:

N
QY = Z[S(vak) expCiod)Awy]
=

)

In the above expressiof, is a data point andN is the total
number of data pointsjy is the angular frequenc¥(/h where
Ex is energy transfer); antlwy is the angular frequency interval.
In the energy domain, the measured dynamic structure factorbut not a function ofQ.
§Q,w) is the true dynamic structure factsfQ,w) convoluted
with the resolution function of the instrume®(Q,w). The

The Fourier transformed spectra as well as representative
KWW fits for the 10 and 30% samples are shown in Figure 5
as a function of temperature at a constQrdand in Figure 6 as
a function of momentum transfer at constant temperature. As
expected, PMMA mobility increases &%r Q increases in both
blends. In Figure 5, the shape of the curve changes with
temperature, whereas in Figure 6, it does not change @ith
This suggests that the stretching parameter is a functioh of

In Figure 5 we include a fit to a small decay (10% blefd,
= 407 K) to show that the associated error bars in the relaxation
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Figure 5. Temperature dependence of the intermediate scattering =
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S04 | eQ-0.624" transfers of (a) 0.62 &, (b) 0.99 A, and (c) 1.51 A% Lines are fits
@\ © Q=0.994" using the Arrhenius equation (5). The error bar given in grayscale
02 }F :Qf:-ﬁ ﬁ indicates the result of a fit to a data set with a relatively small decay.
- 8;1:51 e For comparison, data from dielectric spectroscopy {D&jd from light
0 N N R scattering [LS}®*° are also shown.
0.2 04 0.8 16 3.2 i i
time, t (ns) Discussion
(a) We now address the temperature and momentum transfer
dependencies of the fit parameterand for the 10 and 30%
! o blends and compare them with previous results for pure PMMA
0s I 10% T=477K and the 20% blend. The prefactaris between 0.9 and 1.0 in
s 3 all cases and is not discussed further. The temperature depen-
g 0.6 I dence of the characteristic relaxation times for all blends is
= 04 b presented in Figure 7 for momentum transfers 0.62, 0.99, and
g ’ 1.51 AL In the temperature range of our measurements, we
02 | expect to observe the merged and-processes on the basis
= Q=1-51_A" . . of dielectric data for pure PMMA. Neutron measurements have
0 been reported to separate these processes on the basis of a spatial
0.2 04 08 1.6 3.2 scale: at small [intramolecular] spatial scales farelaxation
time, t (ns) is observed, whereas at larger [intermolecular] spatial scales the
(b) o-relaxation is observet:32 For the current results, at small

Figure 6. Spatial dependence of the intermediate scattering function SPatial scales, for exampl@ = 1.51 A1, the characteristic

S(Q,t)/Y(Q,0) of PMMA in blends with (a) 30% PEO at 431 K and (b)  times are well described by an activated process:

10% PEO at 477 K, i.e., about 100 K above glass transition temperature.

The curves are KWW equation fits. The error bars are obtained based E
T3 =T ex;{

on the maximum and minimur§(Q,t)/SQ,0). ﬁa_) (5)
time (Figure 7b) and stretching parameter (Figure 8b) become

quite large. This indicates that for this small decay an increas- with an activation energy of 110 kJ/mol for all four samples.
ingly large set of parameter values can adequately describe theThis value is consistent with the activation energy of the
data. This error bar is highlighted by grayscale in Figures 7b g-relaxation for pure PMMA at temperatures just below and
and 8b. above the merging with the-relaxation [i.e., above 415 K]
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06 F A0%
. o DS l temperature.

A10%

e 1 I{ backbone? In this case, an increase jfiirelaxation times is
02 f H I expected with blending because PEO increases the backbone
mobility.
0 : : The temperature dependence of the stretching parameter is
300 350 400 450 500 550 considered primarily to validate our fit procedure. As mentioned
emperatwce 10 above, the small dynamic range inherent in QENS has the largest
(c) effect on this parameter, and it is thus useful to compare the
Figure 8. Influence of PEO composition on the temperature depen- assigned values with those obtained from dielectric spectroscopy,
dence of the stretching exponghtesulting from fits to QENS data. ~ which are more certain. We present the temperature dependence
ored A indos ope Sames] e ek o e 01 Sreching parame(gn Figure & The same momentum
spectroscopy [D9] for the (x-rr)elaxa?ion (a) and thg-relaxation (b). '.[ransfers as in Figure 7 are illustratétFor Q = 0.62 A2, .
The error bar given in grayscale (b) indicates the result of a fit to a Increases smoothly with temperature, as does the stretching
data set with a relatively small decay. parameter for thec-relaxation from fits to dielectric spectros-
copy (DS) data, which are also shown for reference. The
determined from dielectric measuremetiti contrast, at small  temperature dependencefbis much flatter forQ = 1.51 A2,
momentum transfers, illustrated wit = 0.62 A1, the in keeping with the dielectric values for tiferelaxation, also
characteristic times for pure PMMA deviate from Arrhenius shown in the figure.
behavior at the lowest temperatures. The data are consistent with In both cases, the temperature dependengg foflows the
dielectrid” and light scatterint§4° measurements of the-re- dielectric results quite well. The stretching parameter does not
laxation, which are also shown for reference. In the case of the appear to be composition dependent, in contrast to the relaxation
blends, there is a clear deviation for the 20% blend, but both times. This implies that the distribution of relaxation times is
the 10 and 30% blends, within error, could be described as not composition dependent nor is it related to the distance of
Arrhenius. Also shown in Figure 5 is an intermediate spatial each sample from its respectiVg.
scale,Q = 0.99 AL In this case, all compositions can be We now consider the main result of this work: if the
described as Arrhenius in temperature within error. temperature dependence of relaxation times for the 10 and 30%
The activation energy is insensitive to composition which blends scales with the blefig, as was found in our prior study
suggests a local or intramolecular process. It has been suggestedf pure PMMA and the 20% blend. The decays in the time
that thes-relaxation in PMMA arises from rotation of the entire  domain at the common temperature of 440 K are plotted in
side group between two equivalent sité&or a two-site jump Figure 9a. This temperature ranges frognt- 55 (pure PMMA)
model with a radius slightly larger than the=© bond length, to Ty + 100 (20% blend), as reflected in the decay curves, which
the contribution of this rotation will be most prominent@t= vary significantly. Decays at a common distance ab®yelg
1.6 A1 This is also consistent with our data. In contrast, + 75, are plotted for all four samples in Figure 9b. In this case,
relaxation times do depend on composition; this appears the data superpose, indicating that the distance afigie a
inconsistent with a local process. There is also evidence thatcontrolling factor in dynamics of PMMA in the PEO/PMMA
the S-relaxation in PMMA involves cooperation of the chain blend, even over small spatial scales. To test whether this result




2872 Liu et al. Macromolecules, Vol. 39, No. 8, 2006

6 6
10 o 100 10 ® T=361K
10° Q=0.624" & 305, 10 W oTIK
10* F 2(1,?/:/- _ 10 f e 0 T=431K
2w} 51 gwr -
- ) { 10° |
10° E
I 1 .
10 = £ N 1 F
1 } i 10° N N N N N
107 R R R N 03 02 01 0 0.1 02 03
l -1
25 50 75 100 125 150 o2lQ (A"
T-Tg (K) . (a)
10 ® T=407K
106 (a) 1°F 10% o T=447K
su ° 30% 'k I B T=477K
10 Q=0.994" 0 20% 2 10 b
o £ 10
10tk A10% =
- { A 0% 10°
) 3
£ 10 {1 10
., (] i
10 3 & 1 F
10 F | 3 10" R . . R A
b « & - 03 02 01 0 01 02 03
I log[Q ()]
-1 A i y A
. 25 50 75 100 125 150 ®
T-Tg (K) Figure 11. Spatial dependence of the relaxation timef PMMA at
different temperatures in blends with (a) 30% PEO and (b) 10% PEO.
Lines are fits using eq 6 with = 2 (solid) andn = 2/5 (dashed).
6
10
®30% 10°
10° Q=1.514" 0 20% ® 30%T=401K
4 A10% 10° | 0 20%T=420K
10 20% , A 10%T=447K
2 ok 10° r A 0%T=478K
< Z10f
“wiiils Tl
TZ i (3
10 £z 10 i i Esgy
s z K
1 I '|- 1 S
10.1 A . i I + 10" " 2 1 " "
25 50 75 100 125 150 03 02 01 0 01 02 03
T-Tg (K) log[Q (A™")]
©) Figure 12. Influence of PEO composition on the spatial dependence

) N of the relaxation time of PMMA in the blends at a temperature around
Figure 10. Influence of PEO composition on the temperature 75 K above glass transition temperature.
dependence of the relaxation time of PMMA in the blend at

momentum transfers of (a) 0.62, (b) 0.99, and (c) 1.5 A 10 and 30% blends, respectively), the relaxation times show a
] ) o power law scaling wittn = 2. At 35 K aboveTg (407 and 361
IS common to our entire temperature range, in Figure 10 We  fo the 10 and 30% blends, respectively), the error of the
plot the relaxation times obtained from the KWW fits, for all - assigned relaxation times is too large to permit an identification
compositions, as a function of distance abdyeFor the three o 58 scaling. The common spatial scaling of the relaxation
momentum transfers illustrated, the temperature dependence Ofimes for pure PMMA and the three blends is illustrated in
relaxation times collapses to a single curve when plotted in this Figure 12, where data aj, + 75 are considered. Again, at the
way, again indicating that PMMA mobility in the PMMA/PEO  same distance abo, the data collapse to a single curve. We
blend is controlled by the difference between the measurement ., thus conclude that both the temperature and spatial
temperature and the blerig. o dependence of relaxation times for PMMA in blends with PEO
This result holds for all spatial scales, as shown in Figure zre controlled by the distance abolg A similar observation
12. Our prior results on pure PMMA and the 20% blend were \yas made for the higiy component [PVE] in the PVE/PI

consistent with a power law scaling: blend20
. Within the context of the chain connectivity model for blend
Tww(QT 0 Q (6) dynamicé* a scaling with distance abovg, implies that the

self-concentration is zero or equivalently that the effective
where n = 2 over most of the temperature range of the concentration is equal to the bulk concentration. Consistent with
measurements. At the lowest temperature where it was possiblehis observation, the best fits to our data using the chain
to extract relaxation times{(Ty + 35 K), a crossover to = connectivity model are found whefy = 0. The fits are shown
2/B was observed for spatial scales smaller than .1 Scaling in Figure 13 forQ = 0.62 A~ with other momentum transfers
exponents of both 2 and/2have been reported previously for yielding similar results. The fit predictions are not within the
pure polymer$%-56 Relaxation times for the 10 and 30% blends error bars of the relaxation times for any sample and can only
are plotted as a function of spatial scale in Figure 11. At be improved by decreasing, an unphysical result. We are not
temperatures more than 50 K abolg(422 and 376 K for the aware of any other miscible blend for which a self-concentration



Macromolecules, Vol. 39, No. 8, 2006 Segmental Dynamics of Poly(methyl methacrylat@873

10° 10° :
—8— Q=0.62A"
. 10° ——Q=0.99A"
10°r , —a—Q=1.514"
10'}
10 Z 10y
Z £
= 10°F
10° F
10
1t 1
T=445K
-2 A A ' 10.[ 2 . .
10
300 350 400 450 500 0 R 40
Temperature, T (K)
Figure 13. Best fits Q = 0.62 A%) to the chain-connectivity model . @
(¢s=0). 10 —=— Q=0.62A"
10°F —o— Q=0.99A"
1 —A—Q=1.51A"
10°
09 ERU
10°
al R e ———
< 1] T =
0.7 F T=Tg+100K
10—] L L 'l
L 0 10 20 30 40
0.6 - ¢hulk =0.8 wt% PEO
0'5 Il Il Il L L L (b)
0 2 4 6 8 10 12 14 Figure 15. PEO composition dependence of the relaxation tinod
PMMA in the blends at a temperature (a) around 445 K and (b) about
r(A) 100 K above glass transition temperature.

Figure 14. lllustrative spatial dependence of effective concentration.

dependent at low PEO contents, with little difference between
of zero provides the best fit for segmental dynamics [including 20 and 30%. This composition dependence appears to be
PI/PVE], and thus we briefly consider why the PEO/PMMA  independent of momentum transfer. This is consistent with the
blend might be unique. The spatial range of our measurementsidea that the self-concentration is zero throughout our spatial
is approximately 410 A. This distance defines the radius of a range. In Figure 15b, the data are shown at a common distance
sphere centered around the position of each proton contributingaboveT,: Ty + 100. Thus, at each composition, relaxation times
to the measurement. At very small distances where no inter- from different temperatures are plotted. In this representation,
molecular contacts are possible, the self-concentration must berelaxation times are independent of composition, which enforces
unity, and at large distances it will approach zero. The resulting the main point of the paper: for the range of compositions for
effective concentration will also be unity at small distances but which it is possible to avoid crystallization of PEO, the dynamics
approach the bulk composition at large distances. Our measureof PMMA in PEO/PMMA blends is controlled simply by the
ments give some idea about the spatial range of this variation: distance above the blerig.
we observe that the self-concentration is zero or alternatively
that the effective concentration is equal to the bulk concentration ~ Acknowledgment. Financial support from the National
over the range 410 A. The effective composition as a function ~ Science Foundation Polymers Program is gratefully acknowl-
of the size of the volume used to define it must, therefore, look edged [CAREER Grant DMR-0134910]. This work utilized
something like that depicted in Figure 14. It drops very quickly facilities supported in part by the National Science Foundation
to the bulk composition as spatial scale is increased. The smallesunder Agreement DMR-0086210.
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